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Abstract
This report describes the methods used to examine how the Martian atmosphere responds to
increases in different portions of the electromagnetic spectrum during solar flares. On March 24,
2015 the Mars Atmosphere and Volatile Evolution (MAVEN) mission satellite made
measurements of the atmosphere and solar irradiance during a solar flare. These measurements
were used by the Flare Irradiance Spectral Model (FISM) to generate solar flux values for 59
wavelength bins describing flare event. The solar flux values at different wavelength bins were
scaled by different amounts and input into the Mars Global Ionosphere Thermosphere Model
(M-GITM) to create 16 distinct 3D simulations of the Martian atmosphere, and the response of
the atmosphere was examined. When the regions 30-125 nm, and 50-100 nm were increased there
was an average increase in neutral density of 0.11% and 0.035%, respectively, for each additional
percent the flux above the background levels was scaled. It was also found that when the solar
flux at wavelengths 30 nm and above were increased there was almost no effect on the electron
density below the F region. Finally the largest simulated change in temperature (29.9 K) was
approximately half of the increase in temperature measured by the MAVEN mission (64.4 K).
This is most likely due to other factors that were not included in these simulations, such as
coronal mass ejection activity, or waves from lower in the atmosphere.
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Introduction

Many observations of the Martian atmosphere and surface indicate that Mars once had a thick
atmosphere and liquid water [McKay and Davis, 1991]. One of the biggest questions in space
physics is ”What happened to the Martian atmosphere?”. There are many models and spacecraft
missions that are being used to better understand the processes by which atmospheric escape at
Mars occurs. Some of the processes include Jeans escape (gas molecules that are in the high
energy portion of the distribution which have enough energy to escape) and photochemical loss
(exothermic photochemical reactions which give enough energy to species to allow them to
escape to space), both of which are regulated by the upper atmosphere and can therefore be
affected by solar flares.
On March 24, 2015 the Mars Atmosphere and Volatile Evolution (MAVEN) mission satellite
made measurements of the atmosphere and solar irradiance during a solar flare. Previous
simulations of this event using the Mars Global Ionosphere Thermosphere Model (M-GITM) did
not show the same temperature or density response that was reported in a paper by Thiemann
et al. [2015], which seemed large. It is suspected that the Flare Irradiance Spectral Model
(FISM-P) was not able to accurately simulate wavelengths above ∼50 nm for this event but
wavelengths below ∼50 nm were accurate. In this project wavelengths above 30 nm will be
increased and the results of these simulations will be analyzed and recompared to the results in
Thiemann et al. [2015].

1.1

Martian Atmosphere

The composition of the Martian atmosphere is very similar to that of Venus. The dominant
species in both atmospheres is CO2 . Even though the surface pressure of Mars is only 6 mbar
compared to 93 bar at Venus, densities above 100 km, in a region called the thermosphere, are
similar due to differences in gravity and temperatures in the lower atmosphere [Schunk and Nagy,
2009]. Measurements made by the Sample Analysis at Mars (SAM) instrument on the Mars
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Curiosity rover determined that the composition of the Martian atmosphere in the homosphere
(the first ∼100 km where the atmosphere is well mixed) is 96% CO2 , 1.9% Ar, 1.9% N2 ,
0.14% O2 , and < 0.1% CO [Mahaffy et al., 2013]. Above the homosphere the different gas
species separate based on their molecular weight. Martian density measurements of the neutral
species CO2 , N2 , CO, N2 , O2 , and NO from the mass spectrometers on the 1970’s Viking
missions are shown in figure 1 below.

Figure 1: Altitude vs Density plots for neutral species CO2 , N2 , CO, N2 , O2 , and NO measured
by the Viking missions from Nier and McElroy [1977].

According to Figure 1, the dominant species up to ∼200 km is CO2 . Above this altitude the
dominant species becomes O, which is not shown in the plots above but has been derived from
ion data [Schunk and Nagy, 2009]. Furthermore, at altitudes above ∼300 km the density of CO2
becomes less than the densities of both N2 and CO.
The Martian atmosphere is divided into several regions that are defined by how the temperature
2

changes with altitude. Figure 2 shows a sample altitude vs temperature profile that is used to
define these regions.

Figure 2: Altitude vs Temperature Martian dayside profile plot from Franklin [2014]

As seen in Figure 2 above, the temperature increases for the first ∼30 km of the atmosphere. In
this region there are many processes that control the temperature and winds including dust storms
which greatly affect the energetics in this region. In the region from 30-100 km the temperature is
less variable. This is due to heating from the absorption of infrared radiation by dust particles and
cooling due to the 15 µm radiation of CO2 acting to regulate the temperature [Bougher et al.,
1990].
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Above 100 km, in a region called the thermosphere, energy from the extreme ultraviolet (EUV;
10-124 nm) portion of the electromagnetic spectrum is deposited into the atmosphere. EUV
radiation originates in the solar atmosphere and is absorbed in the Martian atmosphere. The
absorption of EUV radiation causes rapid heating, leading to an increase in temperature as
altitude increases up to ∼250 km where the atmosphere becomes isothermal. This happens
because conduction in the upper atmosphere, which has a temperature to the fourth power
dependence, quickly moves extra energy to lower altitudes. A parameter named the optical depth,
τ , is a measure how far light penetrates into the atmosphere. The region where optical depth is
unity for a particular wavelength is where most of that wavelength’s radiation, and therefore its
energy, is absorbed [Withers, 2009]. Figure 3 shows the altitude at which the optical depth is
unity as a function of wavelength at the subsolar point.

Figure 3: Altitude of unitary tau vs wavelength at the subsolar point. These values were calculated
using the M-GITM model (see section 2)

Figure 3 shows that most of the EUV radiation at the subsolar point is absorbed at an altitude of
∼130 km. As solar zenith angle increases the radiation will not penetrate as far into the
atmosphere because the light will be entering the atmosphere at an angle, so it will have to travel
4

through more of the atmosphere to reach the same altitude level. Therefore, there should be an
increase in temperature starting at ∼130 km. Figure 2 shows that at an altitue of ∼110-120 km
the temperature continues to increase with increasing altitude.
The energy carried by EUV radiation with a wavelength less than 95 nm is sufficient to strip an
electron from the background gas. Absorption of EUV photons leads to photoionization of neutral
gas in the atmosphere. Thus, the highest EUV photoionization rate will also be at ∼130km as
well. This leads to an overlapping region of the atmosphere that is electrically charged called the
ionosphere.
These two processes, heating of the atmosphere and photoionization, are two of the main
processes that control the rate at which gas from the upper atmosphere escapes to space. The
effect of these processes on atmospheric escape also increase significantly during solar flares
[Lillis et al., 2015]. Therefore, understanding the effects of increased levels of EUV radiation
during solar flares is crucial to understanding the short term dynamics of the atmosphere, as well
as the long term climate.
+
+
The ion densities for CO+
2 , O2 , and O were measured using retarding potential analyzers during

Viking missions [Schunk and Nagy, 2009]. These measurements are shown in figure 4 below.
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Figure 4: Altitude vs Density profiles measured by the Viking 1 and 2 landers from Hanson et al.
[1977]
It is worth noting that the main ion species, O+
2 , does not come directly from the most abundant
gas species in the atmosphere CO2 but comes from a series of chemical reactions. There are many
ways to produce O+
2 , but the two most direct ways to produce it from CO2 , are [Schunk and Nagy,
2009]:

−
CO2 + hν −→ CO+
2 +e

(1)

+
CO+
2 + O −→ O2 + CO

(2)

and

O + hν −→ O+ + e−

(3)

O+ + CO2 −→ O+
2 + CO

(4)
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where O in the second series of reactions can be produced from CO2 by a photodisociation into
CO and O. The reaction rate for for reaction 2 is particularly fast and is primarily responsible for
2
being the dominant ion species.
O+

Electron density profiles, which are used to define different regions of the ionosphere, have been
obtained through radio occultation experiments from the Viking orbiter, Mars Global Surveyor
(MGS), and Mars Experss (MEX), spacecrafts. Electron density profiles obtained from a radio
occultation experiment is shown in Figure 5 below.

Figure 5: Altitude vs electron density profiles from a radio occultation experiment [Withers, 2009]

The F region refers to the primary peak and its location does not vary much. The E region is more
variable due to it being controlled by high energy photons.
Radio occultation experiments are done by examining how the radio signal from a satellite
changes as the signal passes through the planetary atmosphere while the satellite is orbiting the
planet. During a solar flare electron production substantially increases in the lower ionosphere,
because this is where much of the high energy EUV radiation from the flare is being absorbed.
This can be seen in Figure 6,
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Figure 6: Altitude vs electron number density profiles from Mendillo et al. [2006]. Red profiles
are during flare conditions, and black profiles are during normal conditions.

which shows that the electron during a solar flare significantly increases below the F region.
However, the electron density near and above the F region during a flare doesn’t seem to be
significantly affected by a flare.

1.2

Solar Flares

Solar flares are rapid increases in electromagnetic radiation that originates from the sun. An
increase in the EUV portion of the electromagnetic magnetic spectrum is caused by the rapid
acceleration of charged particles in the solar atmosphere. This radiation then travels through
space, and when it reaches a planet the energy is deposited into the planets atmosphere. Solar
flares are classified based on the peak flux in the 0.1-0.8 nm range in the electromagnetic
spectrum. Table 1 below shows the flux values used to classify solar flares.
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Table 1: Flare classification for 0.1 - 0.8 nm flux as measured by GOES satelites

Measurements from the National Oceanic and Atmospheric Administration (NOAA) GOES
satellites are used in classifying flares. It is important to note that in this classification system the
peak flux value, not the amount that the peak is above the background level, is used to classify the
flare. A typical solar flare profile is shown in figure 7 below.

Figure 7: Soft X-Ray flux vs Time X-class solar flare profile measured by the GOES satellite on
April 12, 2001

The most interesting features of solar flares to examine are the background flux magnitude, peak
magnitude, rise time, fall time, and the total integrated energy, which was shown to be the most
important factor for atmospheric response by Pawlowski and Ridley [2011]. The total integrated
energy is dependent on all of the other quantities. For example if the peak magnitude, rise time, or
9

fall time is increased then the total integrated energy will increase. Similarly if the background
flux magnitude is increased the total integrated flux will decrease. The other four quantities
however, can all be changed independently.

1.3

Mars Atmosphere and Volitile Evolution (MAVEN) Mission

The Mars Atmosphere and Volatile Evolution (MAVEN) mission to Mars is a scout-class
spacecraft mission that was launched in 2013, arrived at Mars in September 2014, and after
commissioning began its year long primary mission in November 2014. There are 8 science
instruments on the MAVEN spacecraft which are used to measure how much energy and how
many particles from the sun are incident on the Martian atmosphere, how the upper atmosphere
responds to this input, and how much of the gas in the upper atmosphere is escaping to space and
the effect that this has had on the Martian climate over time [Jakosky et al., 2015].
The instrument on the MAVEN spacecraft that this project is most concerned with is the extreme
ultraviolet monitor (EUVM) instrument. The three EUVM channels A, B, and C measure the
EUV flux in the ranges 0.1-3 nm and 17-22 nm, 0.1- 7 nm, and 121-122 nm respectively, along
with a fourth channel which is used to measure signal variations due to temperature fluctuations
and background radiations [Eparvier et al., 2015]. This instrument makes continuous
measurements in these portions of the EUV spectrum, except when it is not in sunlight
(approximately 34 minutes for each 4.5 hour orbit). But even while MAVEN is not in sunlight
there are other spacecraft in the inner solar system which can be used to observe solar flares, such
as the Solar Terrestrial Relations Observatory (STEREO) A and B and the Solar Dynamics
Observatory (SDO) [Lillis et al., 2015].
Channel C measurements (121-122 nm Flux) and channel A measurements (0.1-3 nm and 17-22
nm Fluxes) are used to measure the H Lyman-α emission (121.6 nm), and emissions from the
cooler solar corona respectively. Channel B measurements (0.1-7 nm Flux) are mostly due to
emissions from the hot solar corona and can vary by several orders of magnitude during a solar
flare. These three channels, along with earth based proxies, are used by the Flare Irradiance
10

Spectral Model-Planetary (FISM-P) model to estimate the full spectral irradiances from 0-190 nm
in 1 nm bins with daily or 1 minute time cadences (Eparvier, 2015). These irradiance values can
be input into an atmospheric model to run simulations of flare events.

2

Methodology

The goal of this project is to examine the variability of the Martian atmosphere to different
portions of the electromagnetic spectrum during solar flares. On May 24, 2015 a solar flare was
observed at approximately 8:15 UT by the MAVEN spacecraft. Data taken by MAVEN’s EUVM
instrument during this time were used to generate a spectrum of electromagnetic radiation from
1-190 nm separated into 1 nm wavelength bins using the FISM-P model. The data file for this
flare event was received from the Laboratory for Atmospheric and Space Physics (LASP) at the
University of Colorado Boulder, which is where FISM-P was developed, to simulate this flare
event using the Mars Global Ionosphere Thermosphere Model (M-GITM).

2.1

Mars Global Ionosphere Thermosphere Model (M-GITM)

The Mars Global Ionosphere Thermosphere Model is a modified version of the Global Ionosphere
Thermosphere Model (GITM), which was developed by Ridley et al. 2006 to examine the
terrestrial ionosphere and thermosphere. M-GTIM is a fully parallel spherical model that solves
the continuity equations for mass, momentum, and energy in one or three dimensions from the
surface up to 300 km for the neutral and ion species. The mass, momentum, and energy
continuity equations for the neutral species are shown below.
∂Ns
+ Ns ∇ · u + u · ∇Ns = Ls
∂t

(5)

∂u
T
+ u · ∇u + ∇T + ∇ρ = Ms
∂t
ρ

(6)
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∂T
+ u · ∇T + (γ − 1)T ∇ · u = Qs
∂t

(7)

In the equations above Ns , Ls , Ms , and Qs respectively represent the number density, mass source
term, momentum source term, and energy source term for a species s. The variables t, u, T , ρ,
and γ respectively represent time, neutral velocity, the normalized neutral temperature, and mass
density. The normalized neutral temperature, T , is:

T =

p
ρ

(8)

where p represents pressure. Using the normalized temperature eliminates having to solve for the
pressure directly, which is difficult to solve numerically because it varies exponentially. Different
equations are needed to solve for the mass, energy, and momentum of the ion species. This is
because the ions interact with other ions as well as electric and magnetic fields because of their
inherent charge. The ion momentum equation is shown below:

−∇(Pi + Pe ) + ρi g + eNe (E + v × B) − ρi νin (v − u) = ρi

dv
dt

(9)

In equation (9) Pi and Pe are the ion and electron pressures, E and B are the electric and
magnetic fields, and νin is the ion-neutral collisional frequency.
These equations are solved from the Martian surface up to 300 km and are either solved in 1
dimension, or over a spherical grid. Because of the complexity of these equations 3 dimensional
runs are made on supercomputers through the National Aeronautics and Space Administration’s
(NASA’s) High End Computing Capability (HECC) project. However, 1 dimensional runs can be
completed on a laptop in a couple of hours.
M-GITM has a large number of inputs, which allow for the adjustment of the grid, dust and solar
conditions, and many other factors. Before data generated from the FISM-P model can be read
into M-GTIM it must be rebined into the wavelength bins shown in Table 2 .
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Table 2: Bin ranges used for the solar flux values in the M-GITM model.
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M-GTIM was also set up to write output files every 15 minutes, starting on March 23, 2015 in
order to have a high enough time resolution to be able to observe some of the faster phenomenon.

2.2

Flare Scaling Method

The different simulations in this project are made distinct from each other by scaling different
wavelength bins from the original FISM-P values by different amounts. Table 3 below shows the
labeling scheme used in this project for the different spectra and the amount that each new file
that was created was scaled by.

Table 3: Spectra naming scheme and scaling amounts

It is important to note that the scaling factors listed in Table 3 are the scaling factors used to scale
the amount that peak magnitude is above the background level compared to the original FISM-P
file. This is done so that all of the fluxes have the same background level making the only
difference between files the peak magnitude, and thus the total energy. The scaled flux values for
the new files were calculated using the following equation.

Φi,new (t) = αi (Φi,orig (t) − Φi,bkg ) + Φi,bkg

(10)

In equation 10 above i and t respectively represent the wavelength bin number and time. Φi,new (t)
represents the new flux value for bin i at time t which will be used in the new file. Φi,orig (t)
represents the value in the original FISM-P file, and Φi,bkg is the smallest flux value for bin i. αi is
14

the scaling factor, and it is important to note that this does depend on which bin is being scaled.
For example, if we are creating new a file by scaling the EUV3 part of the spectrum with a scaling
factor of 200% (2.00), αi for the 1-2 nm bin will be 1 (100%) since this bin is not in the EUV3
part of the spectrum. When αi is 1 we can note that equation 10 becomes:

Φi,new (t) = 1(Φi,orig (t) − Φi,bkg ) + Φi,bkg

(11)

Φi,new (t) = Φi,orig (t)

(12)

as desired. However, for the 150-155 nm bin, α will be 2.00 (200%) because this bin is in the
EUV3 spectrum.
Figure 8 shows a sample plot of this scaling process with a scaling factor of 200%.

Figure 8: Profiles of the 40-45 nm bin are scaled by 100% (original file) and 200%

After creating these scaled files, runs using M-GTIM were performed using these new files as the
solar flux input for each of the 16 runs shown in Table 3 .
Many of the figures that are used to draw conclusions are fixed altitude difference or percent
15

difference plots. These plots show the difference, or percent difference, between the values at
each longitude and latitude for a fixed altitude of one of the runs and the run that was scaled by
0%, which from equation 10 shows that this is simply the background level. Equation 13 shows
how the difference values are calulated

ρdif f = ρscaled − ρbackground

(13)

and equation (14) shows how the percent difference is calculated.

ρ%dif f =

ρscaled − ρbackground
× 100%
ρbackground

(14)

This is desirable because we are attempting to analyze how the increase in different portions of
the spectrum above the background level affects other atmospheric variables such as, but not
limited to, the neutral and electron densities, while holding all other sources of forcing constant.

3

Results and Discussion

First, it is worth noting that all of the percent difference plots from before the flare showed a value
of zero everywhere. This means that all of the values in the plots hereafter are due to the increase
in solar flux from the background values cause by the flare from that run. The first atmospheric
variable that will be examined will be the electron density. Figure 9 shows how the unscaled flare
(i.e. the original FISM-P values) effects the electron density at an altitude of 95km during
different parts of the flare.

16

Figure 9: Electron density at an altitude of 95 km at different times during the flare. The scale for
all plots is the same so that they can be directly compared.

Figure 9 plots A and D show that the maximum electron density just before the flare, and the
maximum electron density during the peak of the flare is 4.51 × 1010 m−3 and 6.43 × 1010 m−3
respectively. This increase is expected since electrons are produced through photoionization, and
the highest photoionization rate will be when there is the highest solar flux, which, by definition,
is the peak of the flare. Flares with other scaling factors and spectra also showed that the electron
density is largest during the peak of the flare.
Figure 10 shows the electron density for flares that were enhanced in the EUV0 range, by the
amounts listed in Table 3 .
17

Figure 10: These plots show the electron density during the peak of the flare for various scaling
factors at an altitude of 95 km. The scaling factors for plots A-F respectively are 0% (the background solar flux value), 100%, 125%, 150%, 175%, and 200% and were applied to the EUV0
region for all plots.

Plots B-F of Figure 10 show that there is an increase in electron density from the background
level (plot A) due to the presence of a solar flare. However, since plots B-F are virtually identical
this also tells us that photoionization at this altitude does not depend on the solar flux in the
EUV0 region (30-125 nm). Other regions that were scaled, EUV1-3, also showed no change in
the electron density for different scaling amounts. This makes sense since none of the wavelength
bins below 30 nm, which are more energetic and therefore more likely to cause photoionization,
were scaled. This same process can be seen in the electron density altitude profile plot shown in
18

Figure 11 below.

Figure 11: Electron density altitude profile plot at the subsolar point. In this plot the blue curve
represents the preflare conditions, the green curve represents the original flare, and the red curve
represents the EUV0 spectrum being scaled by 200%. The electron density axis has been switched
to a log scale to more closely resemble Figure 6.

Both flare curves (the green and red curves) show the same increase from the preflare curve (the
blue curve) below the F region. These results are similar to those shown in Figure 6 from a radio
occultation experiment. Starting in the F region there is a slight separation between the two flare
curves which was nonexistent in lower altitudes. It is difficult to discern if this separation is
present in Figure 6 and could be examined more in future studies.
Figure 12 below shows the temperature difference between the background temperature and the
temperature of the unscaled (original FISM-P values) at different times during the flare to
determine which time has the greatest increase in temperature.
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Figure 12: Temperature difference plots at various times. The 45 minute time difference between
successive plots shows how the temperature difference evolves over time without having to show
too many plots. The scales between all plots are equal so the plots can be directly compared.

Figure 12 shows that the largest increase in temperature from the background level occurs in plot
D (10:45 UT) which is two hours after the peak of the flare occurs. The temperature of the system
will increase as long as the energy being input into the atmosphere is greater than the energy
being lost. The loss mechanisms lag behind changes to the energy sources so it makes sense that
the temperature will continue to increase until loss mechanisms are able to become as large as the
increase in energy due to the flare, which occurs at ∼10:45 UT for this esimulation.
The dayside and nightside of Mars are well defined during the beginning of the flare. As time
passes, however, the temperature difference becomes more uniform across a larger portion of the
atmosphere, making the dayside and nightside less distinguished. This also makes sense since the
20

particles that absorb the extra energy from the flare will spread out, meaning the energy and
temperature will also spread out. These general trends hold true for each of the spectra that were
scaled (EUV0-3) and for the various scaling factors as well.
In a recent paper by Thiemann et al. [2015], it was reported that the increase in temperature
measured from altitudes of 170-270 km during this flare event, as measured by the MAVEN
spacecraft, was 64.4 K. This change is much greater than the temperature difference of 14.4 K in
plot D. This shows that there is either M-GITM is missing something, or something else was
occurring during this time, such as coronal mass ejection activity, or waves from below. The plots
in Figure 13 show the increase in temperature for runs where the EUV0 portion of the spectrum
was scaled by the amounts shown in Table 3 .
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Figure 13: Temperature increase plots for runs where the EUV0 portion of the spectrum was scaled
by 100%, 110%, 125%, 150%, 175%, and 200% for A-F respectively at an altitude of 200 km.

The plots in Figure 13 show that the temperature difference increases with increasing scaling
factors. Examining the maximum temperature difference shows that the amount each flare was
scaled by is approximately the amount that the temperature difference increases compared to the
unscaled flare. For example 175% of the maximum temperature difference for the unscaled plot
(plot A) is 25.2, which is close to the maximum temperature difference in plot E, where the
scaling factor for the EUV0 portion of the spectrum was 175%. This means that in order to obtain
the temperature difference from Thiemann et al. [2015] the EUV0 portion of the spectrum would
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have to be scaled by ∼450%, which is completely unreasonable. As previously discussed it is
unlikely that a solar flare on its own would cause this large of an increase in temperature, so in
order to more accurately simulate this event other factors, such as coronal mass ejection activity,
should be taken into account in future studies.
Figure 14 shows % difference plots of the unscaled flare, where it is normalized to the
background values. These plots occur at different times so that the time with the largest %
increase of the neutral density can be determined.

Figure 14: Neutral density % difference plots at an altitude of 200 km at 9:15 UT, 9:45 UT, 10:15
UT, 10:45 UT, 11:15 UT, and 11:30 UT respectively.
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Plot C, which is at 10:15 UT, has the largest % difference, and the same process of the dayside
and nightside becoming less distinct occures in these plots as well.

Figure 15: Neutral density % difference from background values plot at an altitude of 200 km ∼
1.5 hours after the start of the flare. For these plots the EUV0 spectrum was scaled and plots A,
B, C, D, E, and F were scaled by 100%, 110%, 125%, 150%, 175%, and 200% respectively. The
scale to the right of the plot is consistent across all plots so they can be directly compared to each
other.

In any region where the extra energy from an increase in solar flux (from a solar flare or other
means) is absorbed the pressure increases, causing the atmosphere to expand, which cause higher
density air to go to higher altitudes. Therefore, increasingly energetic flares should show
increases in the neutral density. This increase in the neutral density is clearly visible in Figure 15,
where each successive plot has the same general structure but shows a larger % increase from the
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background values. The scale to the right of these plots also shows the maximum value of the
plot. The maximum % difference values for these plots show the same trend that the temperature
plots showed. The maximum value for any of the plots is approximately equal to the maximum
value from the plot created with the unscaled flare times the scaling factor used to create the new
flare file for that run. This occurs in the other simulations where other spectrum where scaled in a
similar manor. A plot showing the increase in neutral density at an altitude of 200 km at the
subsolar point as a function of the scaling factor used to create the flare used in that run is shown
in Figure 16.

Figure 16: This plot shows the percent increase in neutral density as a function of the how much
each portion of the spectrum was scaled.

The EUV0 simulation shows the largest % increase in neutral density per % increase in that part
of the spectrum. It makes sense that the EUV0 line is steeper since the EUV0 region not only
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includes higher energy portions of the electromagnetic spectra, but completely envelopes the
EUV1 region. It also makes sense that the neutral density doesn’t change much as the scaling
factor is increased for EUV2 and EUV3, since they are longer wavelength (less energy) regions,
and as Figure 3 shows that these longer wavelengths are absorbed much lower in the atmosphere.
The gas density is much higher at lower altitudes so more energy would be required just to
produce the same amount of change. Similar calculations were also performed at solar zenith
angles of 30◦ , 45◦ , and 60◦ , and all of these plots looked almost identical. EUV0 increased from
∼1 to ∼11, EUV increased from just over 0 to ∼3, and EUV2 and EUV3 had almost no change.

4

Conclusion

Irradiance measurements made during a solar flare by the EUVM instrument on the MAVEN
satellite on March 24, 2015. These observations were used to create theoretical irradiances for
test flare events where various bin ranges were scaled by different amounts and then these scaled
solar fluxes were used as an input into M-GTIM for 16 separate simulations.
These simulations showed that the electron density below the F region in the ionosphere was not
affected by scaling wavelength bins 30 nm and above, and that if the dependence of the electron
density on increases in solar solar fluxes during flares is to be examined, shorter (more energetic)
wavelengths should be scaled. It was also found that the temperature was not able to be increased
by the amount measured by the MAVEN satellite, as reported by Thiemann et al. [2015], by
scaling wavelengths 30 nm and above by amounts of 200% or less. This flare event which showed
an increase in temperature of 64.4 K (as measured by MAVEN) and the largest increase of all
simulations performed in this study was 29.3 K when the 30-125 nm range was scaled by 200%.
This suggests that there is more that should be taken into account, such as coronal mass ejection
activity, in order to reproduce the results shown in Thiemann et al. [2015]. Finally, the increase in
neutral density due scaling different portions of the solar flux spectrum was quantified. Scaling
the wavelength ranges 30-125 nm, and 50-100 nm caused an average increase of ∼0.11%, and
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∼0.035% for each percent the peak flux above the background was scaled.
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